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(54) POLYMERIC ELECTROLYTE TYPE FUEL CELL 



(57) A polymer electrolyte fuel cell comprises: a cell 
stack of a plurality of unit cells, each of the unit cells 
comprising a hydrogen-ion conductive polymer electro- 
lyte membrane, an anode and a cathode sandwiching 
the polymer electrolyte membrane, an anode-side sep- 
arator having a gas flow channel for supplying a fuel gas 
to the anode, and a cathode-side separator having a gas 
flow channel for supplying an oxidant gas to the cath- 



ode; a pair of current collector plates that sandwiches 
the cell stack; and a pair of end plates that clamps the 
ceil stack and the current collector plates under pres- 
sure. The current collector plates comprise a conductive 
carbon material as a main component, and have a ter- 
minal section for connecting a power output cable in the 
vicinity of an inlet-side manifold for the fuel gas or the 
oxidant gas. 
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Description 

Technical Field 

[0001] The present invention relates to a fuel cell for 
use in portable power sources, electric vehicle power 
sources, cogeneration systems or the like, particularly 
to a current collector plate of a polymer electrolyte fuel 
cell. 

Background Art 

[0002] A solid polymer electrolyte fuel cell generates 
electric power by electrochemicaily reacting a fuel gas 
containing hydrogen and an oxidant gas containing ox- 
ygen such as air through a polymer electrolyte mem- 
brane that selectively transports hydrogen ions. 
[0003] The fuel cell generally comprises a cell stack 
of a plurality of unit cells, and each of the unit cells com- 
prises an anode and a cathode sandwiching the polymer 
electrolyte membrane, an anode-side separator for sup- 
plying the fuel gas to the anode, and a cathode-side sep- 
arator for supplying the oxidant gas to the cathode. The 
cell stack further includes a current collector plate for 
collecting current and an insulator plate for electrically 
insulating the cell stack from outside on each end of the 
cell stack and is sandwiched by end plates. The end 
plates are clamped by clamping means so that a clamp- 
ing pressure of appropriate load is applied to the cell 
stack. The end plates are provided with means for sup- 
plying and discharging the fuel gas, oxidant gas and a 
coolant. A unit having such a structure is called a fuel 
cell stack. 

[0004] In order to supply the cell stack with the fuel 
gas, oxidant gas and coolant, at least one of the current 
collector plates positioned at both ends has through 
holes through which the gases or coolant flows. In order 
to prevent the corrosion of these through holes, and to 
reduce the contact resistance to the separator of the 
neighboring cell and improve the electric conductivity of 
the current collector plate itself in the plane direction for 
suppressing the loss due to the electric resistance, the 
current collector plate is commonly a metallic material, 
such as stainless steel or copper, plated with gold. The 
gold-plated current collector plate will corrode from min- 
utes pits if the thickness of the gold plating is insufficient. 
Thus, an anti-corrosion structure that eliminates the di- 
rect contact of the gases has been proposed for the 
through holes for supplying and discharging the gases 
and coolant. 

[0005] However, the use of the gold-plated metallic 
current collector plate presents the following problems. 
In order that the polymer electrolyte fuel cell functions 
normally, the water content of the polymer electrolyte 
membrane must be high, so the supplied gases and the 
discharged gases contain large amounts of steam. 
Therefore, the metallic current collector plate is liable to 
corrosion at its parts contacting the supplied gases and 



the gases to be discharged. In case of the corrosion of 
metal at the gas supply route, metal ions generated 
thereby are included, impairing the performance of the 
electrolyte membrane. Also, in case of the corrosion of 
5 metal at the coolant supply route, the insulating property 
of the coolant is deteriorated to cause a leak current, 
resulting in a decrease in the amount of power genera- 
tion. 

[0006] In order to prevent the inclusion of ions due to 
io the corrosion of metal, it is necessary to either increase 
the thickness of the gold-plating or employ an anti-cor- 
rosion structure. However, increasing the thickness of 
the gold-plating is very costly. Also, employing an anti- 
corrosion structure involves an increase in the number 
15 of components and production steps, so that the cell 
structure and assembling operation of the components 
become complicated. There is also an attempt to use a 
carbon material, which is free from the fear of ion leach- 
ing due to corrosion, for collecting current. The carbon 
20 material, however, is brittle and has higher electric re- 
sistivity than metal, thereby necessitating the current 
collector plate to have sufficient thickness. 

Disclosure of Invention 

25 

[0007] The present invention provides a polymer elec- 
trolyte fuel cell having improved current collector plates. 
This fuel cell comprises: a cell stack of a plurality of unit 
cells, each of the unit cells comprising a hydrogen-ion 

30 conductive polymer electrolyte membrane, an anode 
and a cathode sandwiching the polymer electrolyte 
membrane, an anode-side separator having a gas flow 
channel for supplying a fuel gas to the anode, and a 
cathode-side separator having a gas flow channel for 

35 supplying an oxidant gas to the cathode; a pair of current 
collector plates that sandwiches the cell stack; and a 
pair of end plates that clamps the cell stack and the cur- 
rent collector plates under pressure. The current collec- 
tor plates in accordance with the present invention com- 

40 prise a conductive carbon material as a main compo- 
nent, and have a terminal section for con necting a power 
output cable in the vicinity of an inlet-side manifold for 
the fuel gas or the oxidant gas. 
[0008] The terminal section preferably has a coating 

45 layer comprising a good electric conductor. 

[0009] The coating layer comprising a good electric 
conductor is more preferably provided in a region that 
extends from the terminal section to a part correspond- 
ing to an inlet-side part of the gas flow channel of the 

50 cell communicating with the inlet-side manifold. 

Brief Description of Drawings 
[0010] 

55 

FIG. 1 is a partially sectional side view of an exam- 
ple of the structure of a fuel cell stack in accordance 
with the present invention. 
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FIG. 2 is a front view of a current collector plate in 

Embodiment 1 of the present invention. 

FIG. 3 is a back view of the same current collector 

plate. 

FIG. 4 is a sectional view taken on line IV-IV of FIG. 5 
2. 

FIG. 5 is a perspective view of the main part of an- 
other example of connecting a cable to the current 
collector plate. 

FIG. 6 is a front view of a current collector plate in *o 
Embodiment 2 of the present invention. 
FIG. 7 is a back view of another example of the cur- 
rent collector plate, 

FIG. 8 is a front view of an example of an insulator 
plate to be used with the current collector plate. 15 
FIG. 9 is a front view of an anode-side separator in 
Embodiment 3 of the present invention. 
FIG. 1 0 is a front view of a current collector plate to 
be combined with the separator plate of FIG. 9. 
FIG. 11 is a sectional view taken on line XI-XI of 20 
FIG. 10. 

FIG. 12 is a front view of a cathode-side separator 
in Embodiment 3 of the present invention. 
FIG. 1 3 is a front view of a current collector plate to 
be combined with the separator plate of FIG. 1 2. 25 
FIG. 14 is a sectional view taken on line XIV-XIV of 
FIG. 13. 

FIG. 15 is a front view of another anode-side sepa- 
rator. 

FIG. 1 6 is a front view of a current collector plate to 30 
be combined with the separator of FIG. 15. 
FIG. 1 7 is a front view of another cathode-side sep- 
arator. 

FIG. 1 8 is a front view of a current collector plate to 
be combined with the separator of FIG. 1 7. 35 
FIG. 19 is a longitudinal sectional view of another 
example of the current collector plate. 
FIG. 20 is a front view of an anode-side current col- 
lector plate in Embodiment 4 of the present inven- 
tion. 40 
FIG. 21 is a front view of a cathode-side current col- 
lector plate in Embodiment 4 of the present inven- 
tion. 

FIG. 22 is a front view of an anode-side current col- 
lector plate in Embodiment 5 of the present inven- 45 
tion. 

FIG. 23 is a back view of the anode-side current col- 
lector plate of FIG. 22. 

FIG. 24 is a front view of an anode-side current col- 
lector plate in Embodiment 6 of the present inven- so 
tion. 

FIG. 25 is a sectional view taken on line XXV-XXV 
of FIG. 24. 

FIG. 26 is an enlarged sectional view of the main 
part of an example of a good electric conductor lay- 55 
er formed on the surface of a core metal plate. 



Best Mode for Carrying Out the Invention 

[0011 J The inventors of the present invention have ex- 
amined the use of a plate or a molded plate mainly com- 
posed of a carbon material that is free from the fear of 
corrosion as the current collector plate. As a result, they 
have found that when the current collector plates have 
a current-output terminal section in the vicinity of an in- 
let-side manifold for the reaction gas, particularly the fu- 
el gas, effects unique to a polymer electrolyte fuel cell 
can be obtained. That is, the electrodes are humidified 
by water generated by the reaction on the inlet side of 
the reaction gas supplied to the electrodes. Further, the 
polymer electrolyte membranes which exhibit hydro- 
gen-ion conductivity when moistened with water can be 
effectively humidified. 

[0012] In order to improve the durability of the elec- 
trodes, it is said to be effective to highly humidify the 
electrodes for operation. To highly humidify the elec- 
trodes, an attempt to supply highly humidified reaction 
gases to the cell is being made. However, an increase 
in the degree of humidif ication of the fuel gas leads to a 
decrease in energy efficiency. According to the present 
invention, the terminal section is provided in the vicinity 
of an inlet-side reaction gas manifold of the current col- 
lector plates. Thus, the current density at the electrode- 
reaction parts adjacent to the inlet-side manifold is 
heightened and the amount of water generated by the 
reaction is therefore increased, so that the electrodes 
can be kept in a highly humidified condition. 
[0013] A current collector plate comprising a conduc- 
tive graphite plate or a molded plate of a composite ma- 
terial of a conductive carbon material and a binder has 
larger electric resistivity than a metallic current collector 
plate even if it is made electrically anisotropic such that 
the electric resistivity in the plane direction is smaller as 
described later. Thus, in the plane of the current collec- 
tor plate, a part close to the terminal section has smaller 
electric resistance to the terminal section than a distant 
part. Accordingly, there is a difference in current density 
between the part close to the terminal section and the 
distant part, and the electrode reaction increases at the 
former part having higher current density. In orderto fur- 
ther enhance the current density on the inlet side of the 
reaction gas at the electrode, it is preferable to provide 
a coating layer comprising a good electric conductor in 
a region extending from the terminal section of the cur- 
rent collector plate to the part corresponding to the inlet- 
side part of the reaction gas of the electrode. 
[0014] When the current density on the inlet side of 
the fuel gas at the anode is heightened as described 
above, the amount of water generated by the reaction 
at the corresponding cathode is increased, and the gen- 
erated water moves to the anode side by reverse diffu- 
sion. In this way, by highly humidifying the inlet part of 
the reaction gas which is not expected to be humidified 
by the water generated at the electrode section, partic- 
ularly the vicinity of the inlet part of the fuel gas, elec- 
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trode durability can be improved. Also, the degree of hu- 
midification of the fuel gas supplied to the cell can be 
decreased, and energy efficiency can be improved. 
[0015] In another preferable mode of the present in- 
vention, the current-output terminal section of the cur- 
rent collector plate has a coating layer comprising a met- 
al film or plate, which is a good electric conductor. This 
makes it possible to reduce the loss due to the electric 
resistance at the terminal section resulting from the use 
of carbon having lower conductivity than metal and to 
improve the strength of the terminal section. In a more 
preferable mode, the metal plate constituting the coating 
layer is extended so as to overlap with the separator, i. 
e., the metal plate is applied with the clamping pressure 
of the cell stack. Thus, the reinforcing effect can be fur- 
ther improved. 

[0016] Also, the inventors of the present invention 
have examined the use of such a current collector plate 
that the electric resistivity in the plane direction is small- 
er than the electric resistivity in the thickness direction, 
i.e., the stacking direction of the stack. As a result, by 
compression molding a composite material of a highly 
graphitized carbon material and a binder, they have suc- 
ceeded in obtaining an electrically anisotropic current 
collector plate in which the electric resistivity in the plane 
direction is smaller. This current collector plate is thin 
and capable of preventing performance deterioration 
caused by metal ions. 

[0017] In still another preferable mode of the present 
invention, the current collector plate is integrated with 
the adjoining separator. This can reduce the number of 
components as well as the loss due to the electric re- 
sistance caused by contact resistance. 
[0018] In another preferable mode of the present in- 
vention, a metal plate for connecting a power output ca- 
ble is clamped to the terminal section of the current col- 
lector plate at two or more points. This can prevent the 
cracking of the terminal section of the current collector 
plate. 

[0019] A suitable example of the current collector 
plate comprising a conductive carbon as a main com- 
ponent which is used in the present invention is a con- 
ductive carbon plate, such as a commercially available 
glassy carbon plate or an expanded graphite plate, 
which is worked into a predetermined shape by cutting, 
abrasive blasting or the like. The conductive carbon 
plate preferably has an electric resistivity of approxi- 
mately 1 mQ-cm or less in the plane direction. A more 
preferable current collector plate is made of a molding 
material prepared by adding a graphite powder to a ther- 
moplastic resin, such as polyphenylene sulfide or poly- 
propylene, or a thermoplastic resin, such as epoxy resin 
or phenol resin, or a mixture thereof, and is obtained by 
forming the molding material into a predetermined 
shape by compression molding, injection molding, orthe 
like. It is also possible to use a plate obtained by forming 
such a molding material in a plate and working the plate 
into a predetermined shape by cutting or abrasive blast- 
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ing. These molded plates preferably have an electric re- 
sistivity of approximately 5 mQ-cm or less in the plane 
direction. 

[0020] In the case of molding the separators of a fuel 
5 cell, it is desirable to mold the current collector plates 
out of the same molding material in terms of material 
cost reduction. With regard to the thickness of the cur- 
rent collector plate, the terminal section and the other 
part may have a different thickness. In changing the 
io thickness, it is desirable to employ such a structure that 
the difference in thickness is eased by a curved surface 
in order to prevent the occurrence of breaking of the ma- 
terial caused by the concentration of stress on the base 
portion of the terminal section. Also, the thickness of the 
15 current collector plate needs to be at least about 3 to 6 
mm so that it will not break. 

[0021] The present invention is more specifically de- 
scribed below by way of embodiments. 

20 Embodiment 1 

[0022] FIG. 1 shows an example of a polymer elec- 
trolyte fuel cell stack in this embodiment. 
[0023] An electrolyte membrane electrode assembly 

25 (MEA) 1 consists of a polymer electrolyte membrane 
and an anode and a cathode sandwiching the polymer 
electrolyte membrane. The polymer electrolyte mem- 
brane has a size slightly larger than the electrodes. The 
periphery of the polymer electrolyte membrane is sand- 

30 wiched by gaskets. This structure of the MEA is widely 
known. The ME As 1 and separators are alternately 
stacked. Two kinds of separators are used; a single sep- 
arator 2 has an oxidant gas flow channel on one side 
and a fuel gas flow channel on the other side and serves 

35 both as a cathode-side separator and an anode-side 
separator, and a composite separator 2A has a coolant 
flow channel that is formed between a cathode-side sep- 
arator and an anode-side separator. 
[0024] An end plate 5a is joined to the upper end of 

40 the above-described cell stack with a cathode-side cur- 
rent collector plate 3a and an insulator plate 4a, while 
an end plate 5b is joined to the lower end of the stack 
with an anode-side current collector plate 3b and an in- 
sulator plate 4b. The end plates 5a and 5b are clamped 

45 by bolts 6 and nuts 8, so that a predetermined load is 
applied to the cell stack. 7 represents a spring. The end 
plate 5a has inlets/outlets for the reaction gases and 
coolant. In this figure, an oxidant gas outlet 11, a fuel 
gas inlet 1 2 and a coolant outlet 1 3 are illustrated. In this 

50 way, a polymer electrolyte fuel cell stack 1 0 is assem- 
bled. 

[0025] The current collector plates 3a and 3b have ter- 
minal sections 15a and 15b, respectively, which pro- 
trude from the side of the cell stack, and power output 
55 cables 16a and 16b are connected to these terminal 
sections by metal fittings 15a and 15b , respectively. In 
FIG. 1, the current collector plates 3a and 3b are illus- 
trated as serving also as a cathode-side separator and 



4 



7 



EP 1 422 776 A1 



8 



an anode-side separator, respectively, but this is not to 
be construed as limiting the current collector plates as 
specifically described below. 

[0026] FIGs. 2 to 4 illustrate a current collector plate 
serving also as a cathode-side separator. FIG. 2 is a 
front view of the cathode side of the current collector 
plate, FIG. 3 is a back view thereof, and FIG. 4 is a sec- 
tional view taken on line IV-IV of FIG. 2. In FIG. 3, the 
power output cable, the metal plates for connecting the 
cable, etc., are omitted. 

[0027] A current collector plate 30 has a pair of oxi- 
dant gas manifold apertures 31 , a pair of fuel gas man- 
ifold apertures 32, and a pair of coolant manifold aper- 
tures 33. The current collector plate 30 has an oxidant 
gas flow channel 34 that communicates with the pair of 
manifold apertures 31 on the cathode facing side. On 
the insulator-plate-facing side, the current collector 
plate 30 has grooves 37, 38 and 39 surrounding the 
manifold apertures 31 , 32 and 33, respectively, and O- 
rings are fitted into these grooves. The O-rings fitted into 
these grooves are compressed between the current col- 
lector plate and the insulator plate to prevent leakage of 
the gases and coolant from the respective manifold ap- 
ertures. 

[0028] The current collector plate 30 further has a ter- 
minal section 35 with two holes 36, and two metal plates 
45 are fastened to the terminal section so as sandwich 
it with screws 46 and nuts 47. 48 represents a spring 
washer, while 49 represents a flat washer. A core wire 
41 of a power output cable 40 is connected to the metal 
plates 45 with solder 42. In FIG. 2, of the pair of oxidant 
gas manifold apertures 31 and the pair of fuel gas man- 
ifold apertures 32, the one closer to the terminal section 
35 is the inlet-side manifold aperture. 
[0029] With regard to the connecting points between 
the terminal section 35 of the current collector plate 30 
and the metal plates 45 for connecting the power output 
cable, there is no particular limitation, but the connecting 
points are preferably two or more as illustrated in FIGs. 
2 and 3. The- reason is that this equalizes the pressure 
of the contact surface, thereby lessening the loss 
caused by the resistance and leveling out the stress pro- 
duced by clamping. Also, in addition to connecting the 
metal plates to both sides of the terminal section as de- 
scribed above, the metal plate may be connected to only 
one side of the terminal section. However, connecting 
the metal plates to both sides produces the effect of in- 
creasing the contact surface and reducing the contact 
resistance. Further, this equalizes the stress applied to 
the terminal section and therefore produces the effect 
of preventing the breaking caused by excessive clamp- 
ing. 

[0030] FIG. 5 shows another example of connecting 
the power output cable 40 to the terminal section 35 of 
the current collector plate 30. The terminal section 35 of 
the current collector plate 30 is fitted into a U-shaped 
metal fitting 43 to which the cable 40 is soldered, and 
they are fastened together with a screw 44 going 



through the hole 36. 

[0031] In this embodiment, the fuel cell stack was 
clamped using clamping means consisting of bolts, 
springs and n uts, but other clamping means may be em- 

5 ployed. The power output cable was connected to the 
terminal section of the current collector plate by making 
holes in the terminal section and connecting the metal 
plates thereto with the screws and nuts, but it may be 
connected in other methods. For example, it may be 

io connected by making a screw hole in the terminal sec- 
tion 35 and screwing a pressure terminal connected to 
the power output cable in the hole. Another connecting 
method capable of stable electrical connection may also 
be employed. 

15 [0032] Also, the power output cable and the metal 
plates for connecting the cable were connected with sol- 
der, but they may be connected by any methods capable 
of good electrical connection, e.g., joining through pres- 
sure by caulking. As the material of the metal plates for 

20 connecting the cable, a metall ic material having low con- 
tact resistance may be used. For example, metal having 
low electric resistance and good workability, such as 
phosphor bronze or copper, may be used. 



[0033] A method for reducing the resistance loss at 
the terminal section of the current collector plate is de- 
scribed. 

30 [0034] FIG. 6 is a front view of the cathode side of a 
current collector plate in this embodiment. A current col- 
lector plate 30A has a metal film 50 of about 1 p.m in 
thickness formed on each side of a terminal section 35. 
Except for this, it has the same structure as the current 

as collector plate 30 of FIG. 2. The metal film 50 makes it 
possible to reduce the contact resistance, for example, 
between the terminal section 35 of the current collector 
plate and the metal plate for connecting the power out- 
put cable. 

4d [0035] FIG. 7 shows still another example of the cur- 
rent collector plate. A current collector plate 30B has a 
metal film 51 of about several ujti to tens of u/n in thick- 
ness on the substantially whole surface of the insulator- 
plate-facing side. The metal film makes it possible to im- 

45 prove the conductivity in the plane direction of the cur- 
rent collector plate and further reduce the resistance 
loss. In this case, in order to prevent the performance 
deterioration caused by the leaching of metal ions, it is 
desirable not to form the metal film at the locations con- 

50 tacting the oxidant gas, fuel gas and coolant. In this 
case, the metal film is not formed around grooves 37, 
38 and 39 which surround the respective manifold ap- 
ertures and to which O-rings are fitted. As the metal 
forming the metal film, a conductive material such as 

55 copper and aluminum may be used. The film may be 
formed, for example, by vapor deposition or thermal 
spraying, and thermal spraying is preferable because it 
can form a film of a predetermined thickness in a short 



25 Embodiment 2 
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period of time. Except for this, the current collector plate 
30B has the same structure as that of Embodiment 1 . 
[0036] FIG. 8 illustrates an insulator plate to be dis- 
posed on the backside of the current collector plate of 
FIG. 2 or FIG. 6. An insulator plate 60 has a pair of ox- 
idant gas manifold apertures 61 , a pair of fuel gas man- 
ifold apertures 62, and a pair of coolant manifold aper- 
tures 63. 

Embodiment 3 

[0037] This embodiment describes a current collector 
plate independent of a separator. 
[0038] FIG. 9 is a front view of an anode-side separa- 
tor, and FIG. 1 0 is a front view of a current collector plate 
in contact with the anode-side separator. FIG. 12 is a 
front view of a cathode-side separator, and FIG. 1 3 is a 
front view of a current collector plate in contact with the 
cathode-side separator. 

[0039] An anode-side separator 1 1 0 has a pair of ox- 
idant gas manifold apertures 1 1 1 , a pair of fuel gas man- 
ifold apertures 1 1 2, and a pair of coolant manifold aper- 
tures 113, and further has a fuel gas flow channel 116 
communicating with the pair of manifold apertures 112 
on the anode facing side. A current collector plate 120 
to be disposed on the backside of the separator 1 1 0 has 
a pair of oxidant gas manifold apertures 121, a pair of 
fuel gas manifold apertures 122, and a pair of coolant 
manifold apertures 1 23. The current collector plate 1 20 
has a terminal section 1 25 in the vicinity of the inlet-side 
manifold aperture (the upper left manifold aperture in the 
figure, as is clear from the arrows showing the direction 
of the gas flow) of the pair of fuel gas manifold apertures 
of the separator 1 1 0, the terminal section 1 25 protruding 
outward. A coating layer 1 27 comprising a good electric 
conductor is provided at the terminal section 125 and its 
adjacent part, i.e., a region 126 corresponding to the in- 
let-side manifold aperture of the separator 120 and the 
inlet-side part of the gas flow channel communicating 
therewith. The region 126 is thinner than the other part 
such that it becomes as thick as the other part when the 
coating layer 127 is formed on each side of the region 
126. The terminal section 125 has holes 128 for mount- 
ing the metal plates for connecting the power output ca- 
ble. 

[0040] A cathode-side separator 1 30 has a pair of ox- 
idant gas manifold apertures 131 , a pairof fuel gas man- 
ifold apertures 132, and a pair of coolant manifold aper- 
tures 133, and further has an oxidant gas flow channel 
134 communicating with the pair of manifold apertures 
1 31 on the cathode facing side. A current collector plate 
1 40 to be disposed on the backside of the separator 1 30 
has a pair of oxidant gas manifold apertures 141 , a pair 
of fuel gas manifold apertures 142, and a pair of coolant 
manifold apertures 1 43. The current collector plate 1 40 
has a terminal section 1 45 in the vicinity of the inlet-side 
manifold aperture (the upper right manifold aperture in 
the figure) of the pair of oxidant gas manifold apertures 



131 of the separator 130, the terminal section 145 pro- 
truding outward. A coating layer 1 47 comprising a good 
electric conductor is provided at the terminal section 1 45 
and its adjacent part, i.e., a region 146 corresponding 

5 to the inlet-side manifold aperture of the separator 130 
and the inlet-side part of the gas flow channel commu- 
nicating therewith. The region 146 is thinner than the 
other part such that it becomes as thick as the other part 
when the coating layer 147 is formed on each side of 

10 the region 146. The terminal section 145 has holes 148 
for mounting the metal plates for connecting the power 
output cable. 

[0041] As is clear from FIGs. 9 and 10, the coating 
layer 127 of the terminal section 125 of the current col- 

15 lector plate 1 20 extends to the part corresponding to the 
inlet-side part of the gas flow channel 116 of the sepa- 
rator plate 1 1 0. The coating layer 1 27 comprising a met- 
al film or a metal plate has smaller electric resistance 
than the other part composed mainly of the carbon ma- 

20 terial. Thus, when current is output from the terminal 
section 125 during power generation, the current den- 
sity is higher at the above-described part. Thus, the 
electrode reaction of the cell proceeds more actively on 
the inlet side of the gas flow channel 116. Likewise, on 

25 the cathode side, it proceeds more actively on the inlet 
side of the gas flow channel 134. In this way, in the re- 
spective cells, the amount of water generated by the re- 
action becomes increased in the vicinity of the inlet-side 
gas manifold aperture, so that the reaction gases sup- 

30 plied to its downstream are humidified. 

[0042] As illustrated in FIGs. 1 0 and 1 3, it is preferable 
that the terminal section 125 of the anode-side current 
collector plate and the terminal section 145 of the cath- 
ode-side current collector plate face each other, i.e., the 

35 inlet-side fuel gas manifold aperture and the inlet-side 
oxidant gas manifold aperture be in close vicinity to each 
other. 

[0043] FIGs. 1 5 to 1 8 show modified examples of the 
combination of the separator and the current collector 
40 plate. 

[0044] An anode-side separator 1 1 0A of FIG. 1 5 is the 
same as the separator 110 of FIG. 9 except that the po- 
sition of oxidant manifold apertures 111 A is changed. A 
current collector plate 1 20A to be disposed on the back- 

45 side of the separator 11 OA is the same as the current 
collector plate 120 of FIG. 10 except that the position of 
oxidant manifold apertures 121 A is changed and that 
the shape of coating layers 127A is slightly different. 
[0045] Also, a cathode-side separator 130A of FIG. 

so 1 7 is the same as the separator 1 30 of FIG. 12 except 
that the position of oxidant manifold apertures 131 A is 
changed. A current collector plate 140A to be disposed 
on the backside of the separator 130A is the same as 
the current collector plate 140 of FIG. 13 except that the 

55 position of oxidant manifold apertures 141 A is changed 
and that the shape of coating layers 147A is slightly dif- 
ferent. 

[0046] Each of the coating layers 1 27, 1 27A, 1 47 and 
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147A may comprise the metal film as described in Em- 
bodiment 2. However, in a more preferable mode, the 
coating layer may comprise a metal plate. 
[0047] It is preferable that part of the coating layer 
comprising a metal plate be positioned inside the pro- s 
jected area of the separator stacked on the current col- 
lector plate, as illustrated in FIG. 9. In this case, the 
clamping load of the stack is applied to the metal plate 
via the separator and the current collector plate. Then, 
the metal plates are firmly secured depending on the 
clamping load of the stack. Since the metal plates also 
cover the terminal section of the current collector plate, 
they can serve to effectively alleviate the stress applied 
to the base portion of the terminal section by the cable 
connected to the terminal section. 
[0048] It is preferable that the metal plates be bonded 
to the current collector plate with an adhesive having 
elasticity such as a conductive adhesive or a silicone 
adhesive. Insulating adhesives such as the silicone ad- 
hesive are convenient for restricting the current density 
of a specific part of the current collector plate by inter- 
posing it between the current collector plate and the 
metal plate. 

[0049] FIG. 1 9 shows an example of bonding the met- 
al plates 127 to the region 126 of the current collector 
plate 120 with a conductive adhesive 129. As illustrated 
therein, when the metal plates are fixed to the current 
collector plate with the adhesive such that there are no 
gaps between the current collector plate and the metal 
plates, the stress applied to the terminal section is ef- 
fectively alleviated. When the metal plates are bonded 
to the current collector plate with the conductive adhe- 
sive, it has been confirmed that the voltage between the 
current collector plates at both ends of the stack is high- 
er than that without the adhesive by about 5 mV at the 
time of an output of a current of 30 A by the terminal 
sections of the current collector plates. 

Embodiment 4 

[0050] FIGs. 20 and 21 illustrate current collector 
plates of this embodiment, 

[0051 ] FIG. 20 is a front view of an anode-side current 
collector plate. A current collector plate 1 20B has the 
same structure as the current collector plate of FIG. 10 
except that it does not have the coating layer 127 at a 
terminal section 125B and its adjoining part, and is dis- 
posed on the backside of the anode-side separator 1 1 0 
of FIG. 9. 

[0052] FIG. 21 is a front view of a cathode-side current 
collector plate. A current collector plate 1 40B has the 
same structure as the current collector plate of FIG. 13 
except that it does not have the coating layer 147 at a 
terminal section 145B and its adjoining part, and is dis- 
posed on the backside of the cathode-side separator 
130 of FIG. 12. 

[0053] Each of these current collector plates compris- 
es a molded plate of a composite material of a carbon 



material and a binder. Therefore, during power genera- 
tion, the current density becomes higher in the vicinity 
of the terminal section, i.e., in the vicinity of the inlet- 
side gas manifold aperture, which produces the effect 
of humidifying the gases in the same manner as in Em- 
bodiment 4. 

Embodiment 5 

[0054] This embodiment explains an example of a 
current collector plate serving also as a separator. 
[0055] FIG. 22 is a front view of a current collector 
plate serving also as an anode-side separator, and FIG. 
23 is a back view thereof. A current collector plate 150 
has a pair of oxidant gas manifold apertures 151 , a pair 
of fuel gas manifold apertures 1 52, and a pair of coolant 
manifold apertures 153, and has a fuel gas flow channel 
156 communicating with the pair of manifold apertures 
1 52 on the anode facing side. The current collector plate 
1 50 has a terminal section 1 55 in the vicinity of the inlet- 
side manifold aperture (the upper left manifold aperture 
in FIG. 22) of the pair of anode-side manifold apertures 
152, and it has a coating layer 157 extending to the vi- 
cinity of the nearby manifold aperture 151 on the back- 
side. This coating layer has the same structure, for ex- 
ample, as the coating layer of the current collector plate 
120 as described in Embodiment 3 except it is formed 
only on the backside of the current collector plate. Al- 
though this embodiment has described the anode-side 
current collector plate, it will be apparent to those skilled 
in the art that a current collector plate serving as a cath- 
ode-side separator can also be formed in the same man- 
ner. 



[0056] This embodiment describes a current collector 
plate into which a metal plate serving as a core member 
is buried. 

[0057] FIG. 24 is a front view of a current collector 
plate of this embodiment, and FIG. 25 is a sectional view 
taken on line XXV-XXV of FIG. 24. A current collector 
plate 160 is produced by molding a molding material of 
a conductive carbon material and a binder so as to sur- 
round a metal plate serving as a core member. The cur- 
rent collector plate 160 has a pair of oxidant gas mani- 
fold apertures 1 61 , a pair of fuel gas manifold apertures 
162, and a pair of coolant manifold apertures 163, and 
further has a terminal section 165 protruding sideward. 
A metal plate 167 buried in this current collector plate 
has a smaller external size than the current collector 
plate such that it is not exposed outside, and it has larger 
apertures than the manifold apertures at its correspond- 
ing parts. 

[0058] FIG. 26 shows an example of forming a good 
electric conductor layer 169 on the surface of the core 
metal plate. This layer makes it possible to reduce the 
contact resistance between the layer comprising the 
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molding material and the core metal plate and improve 
the electric characteristics of the current collector plate. 
The good electric conductor layer can be formed by re- 
moving the oxides on the surface of the core metal plate 
and forming a layer of noble metal, conductive inorganic 5 
oxide, conductive inorganic nitride, or conductive inor- 
ganic carbide on the core metal plate. 
[0059] The following describes an example of molding 
acurrentcollectorplate.usingamoldingconductive ma- 
terial of a mixture of 80 wt% graphite and 20 wt% phenol 10 
resin, in which a core metal plate is buried. 
[0060] First, 50 g of a molding compound was evenly 
charged into a mold and was compressed preliminarily 
at a mold clamping pressure of 1 00 kgf/cm 2 . At this time, 
the temperature of the mold was 70°C. Next, the mold « 
was opened, and a metal plate was inserted into the 
mold. Then , 50 g of the molding compound was charged 
therein, the mold was clamped at a mold clamping pres- 
sure of 500 kgf/cm 2 , and the temperature was raised to 
1 60°C. The resultant current collector plate had greater 20 
strength and lower electric resistance than the current 
collector plate molded only of the conductive molding 
material (7 mm in thickness), and hence it became pos- 
sible to reduce the thickness of the current collector 
plate to 4 mm. As the core member, a brass plate of 2 25 
mm in thickness was used. The current collector plate 
had a pair of manifold apertures for each of the oxidant 
gas, fuel gas and coolant, as illustrated in FIG. 24. Since 
the innerfacesformingthe manifold apertures were cov- 
ered with the conductive molding material, the core met- 30 
al plate was prevented from coming in contact with the 
fluids flowing through the respective manifold apertures. 
A stack comprising these current collector plates was 
assembled, and using pure water as the coolant, a pow- 
er generation test was performed for 100 hours. The 35 
number of the stacked cells was 50. As a comparative 
example, a stack of 50 cells comprising current collector 
plates made of only brass was also tested in the same 
manner. As a result, corrosion was observed on the in- 
ner faces of the coolant manifold apertures formed in *o 
the brass current collector plates of the comparative ex- 
ample, but corrosion was not observed on the inner fac- 
es of the manifold apertures in the current collector 
plates of this example. The pure water used as the cool- 
ant was analyzed after the test. As a result, from the 4s 
cooling water of the stack comprising the brass current 
collector plates, copper ions of 100 ppm and zinc ions 
of 80 ppm were detected. In contrast, from the coolant 
of the stack of this example, no metal ions were detect- 
ed. By covering a metal core member with a conductive so 
molding material, it becomes possible to ensure the 
strength and electric conductivity and reduce the cost 
and the leaching of impurities. 

[0061] Examples of forming a good electric conductor 
layer on the surface of a core metal plate are specifically 55 
described below. 

(1 ) A layer of platinum or gold having a thickness of 



120 A was formed on the surface of a brass plate 
having a thickness of 1 mm by a sputtering method 
using an RF-planar magnetron. As the target, plat- 
inum (99%) or gold (99%) was used, and the sub- 
strate temperature was 500°C. The sputtering at- 
mosphere was Ar (99.9999%) of 4 x 10' 2 Torr, the 
sputtering power was 400 W, and the deposition 
rate was 1 .5 um/hr. 

(2) A TiN layer having a thickness of 1 ujti was 
formed on the surface of a Ti plate having a thick- 
ness of 1 mm by a sputtering method using an RF- 
planar magnetron. As the target, TIN (99%) was 
used, and the substrate temperature was 500°C. 
The sputtering atmosphere was Ar (99.9999%) of 4 
x 10 2 Torr, the sputtering power was 400 W, and 
the deposition rate was 1.5 u.m/hr. The resultant 
sputtered layer was identified as TIN by structural 
analysis of X-ray diffraction. The resistivity of the 
TIN layer obtained by this method was 2x10' 4 Q- 
cm. 

(3) A Ti-AI-N layer having a thickness of 1 .2 urn was 
formed on the surface of an Al plate having a thick- 
ness of 1 mm by a sputtering method using an RF- 
diode. As the target, Ti-AI-N (99%) was used, and 
the substrate temperature was 300°C. The sputter- 
ing atmosphere was Ar (99.999%) of 4 x 10" 2 Torr, 
the sputtering power was 300 W, and the deposition 
rate was 1 .0 u.m/hr. The resistivity of the Ti-AI-N lay- 
er obtained by this method was 1 x 10* 3 Q • cm. 

(4) A method of forming an n-type doped SiC layer 
on a metal substrate is described. The layer was 
formed by a high-frequency glow discharge decom- 
position method of 14.56 MHz, and the gas to be 
decomposed was a mixture of silane, methane 
(CH 4 ), and diborane (PH 3 ) in such a ratio that P/(Si 
+ C) = 10 atomic %, the mixture having a pressure 
of 10 Torr. The substrate temperature was 300°C. 
At this time, by controlling the deposition time, the 
resultant n-type doped SiC layer had a thickness of 
1 ,000 A. After the formation of the layer, a gold elec- 
trode was deposited on the SiC layer, and the re- 
sistivity of the SiC layer was measured and turned 
out to be 50 n • cm. 

(5) A Pb layer having a thickness of 1 ujti was 
formed on the surface of a stainless steel SUS 316 
plate having a thickness of 1 mm by a vacuum dep- 
osition method. The layer was deposited in an Ar 
(99.9999%) atmosphere of 1 x 1 0' 7 Torr at a sub- 
strate temperature of 200°C. Subsequently, a PbO 
layer was formed on the Pb deposited surface of 
the Pb deposited stainless steel plate by a sputter- 
ing method. The layer was formed in an Ar 
(99.9999%) atmosphere having an oxygen partial 
pressure of 2 x 10" 4 Torr at a substrate temperature 
of 200°C, and the sputtering power was controlled 
such that the deposition rate was 3 urn/hr. The re- 
sultant sputtered layer was identified as PbO by 
structural analysis of X-ray diffraction. The resistiv- 
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ity of the PbO layer obtained by this method was 5 
x 10- 5 Q-cm. 

[0062] Also, in an example of using tin oxide, an In- 
doped tin oxide layer having a thickness of 0.5 |im was 
formed on the surface of a stainless steel SUS 31 6 plate 
having a thickness of 1 mm by a vacuum electron beam 
deposition method. The deposition was performed in an 
Ar gas atmosphere having a vaccum degree of 5 x 1 0 -6 
Torr at a substrate temperature of 300°C. 
[0063] As described above, it has been confirmed that 
the current collector plate molded of the carbon molding 
material in which the surface-treated core metal plate is 
buried has better electric characteristics and smaller 
voltage loss than the current collector plate comprising 
the untreated metal plate. 

Embodiment 7 

[0064] This embodiment describes an example of in- 
tegrally forming a current collector plate and an end 
plate for clamping the stack. The thickness of this cur- 
rent collector plate was increased in the stacking direc- 
tion of the stack in order to keep the electric resistance 
extremely low. The current collector plate was made of 
a graphite plate having a thickness of 70 mm. The 
graphite plate had an electric resistivity of 1 mfi-cm in 
the plane direction and 100 mQ-cm in the thickness di- 
rection. Since the plate was as thick as 70 mm, a cell 
stack including the current collector plates was clamped 
by clamping members such as bolts, nuts and springs 
at a predetermined load. The clamping surface pressure 
applied to the electrode was checked with pressure- 
sensitive paper beforehand, and it was found that a sur- 
face pressure of 1 0 kgf/cm 2 was applied to the electrode 
and that the current collector plates had no cracking, re- 
markable distortion, or the like. At this time, a 0.5 mm 
thick tape made of polytetrafluoroethylene was wound 
around the bolt, and a 5 mm thick spacer made of 
polyphenylene sulfide was interposed between the cur- 
rent collector plate and the spring. In this way, a polymer 
electrolyte fuel cell stack was completed. 
[0065] The current collector plates had a terminal sec- 
tion at one end, and a power output cable was connect- 
ed to the terminal section. The specific structure of the 
terminal section is the same as that of Embodiment 1 . 
[0066] The stack was secured to an evaluation table, 
using a part of the clamping bolts, and an oxidant gas, 
a fuel gas and a coolant were supplied to the stack to 
generate electric power. As a result, it was confirmed 
that the stack could successfully generate a current up 
to a current density of 0.3 A/cm 2 . 
[0067] This embodiment has described the example 
of the current collector plate integrated with an end 
plate, but this current collector plate may be made to 
serve also as a separator by forming a gas flow channel 
on the anode or cathode facing side. 



Industrial Applicability 

[0068] The present invention provides a current col- 
lector plate composed mainly of a conductive carbon 
5 material which is low-cost, lightweight, and free from the 
fear of metal corrosion in manifold apertures. Particular- 
ly, by providing a terminal section in the vicinity of an 
inlet-side manifold aperture for a reaction gas, the elec- 
trodes are humidified by water generated by the reaction 
10 on the inlet side of the reaction gas supplied to the elec- 
trodes. As a result, the durability of the electrodes can 
be improved. Also, by forming a gas flow channel on 
one side of the current collector plate, the current col- 
lector plate can be integrated with the separator posi- 
ts tioned at the end, so that the number of parts and the 
power generation loss due to the resistance compo- 
nents can be decreased. Accordingly, it is possible to 
reduce the cost of a polymer electrolyte fuel cell and im- 
prove the volume and weight efficiency thereof. 

20 

Claims 

1. A polymer electrolyte fuel cell comprising: a cell 
25 stack of a plurality of unit cells, each of the unit cells 

comprising a hydrogen-ion conductive polymer 
electrolyte membrane, an anode and a cathode 
sandwiching said polymer electrolyte membrane, 
an anode-side separator having a gas flow channel 

30 for supplying a fuel gas to the anode, and a cathode- 
side separator having a gas flow channel for sup- 
plying an oxidant gas to the cathode; a pair of cur- 
rent collector plates that sandwiches said cell stack; 
and a pair of end plates that clamps said cell stack 

35 and said current collector plates under pressure, 
wherein said current collector plates comprise a 
conductive carbon material as a main component, 
and said current collector plates have a terminal 
section for connecting a power output cable in the 

40 vicinity of an inlet-side manifold for the fuel gas or 
the oxidant gas. 

2. The polymer electrolyte fuel cell in accordance with 
claim 1 , wherein said terminal section has a coating 

45 layer comprising a good electric conductor. 

3. The polymer electrolyte fuel cell in accordance with 
claim 2, wherein the coating layer comprising a 
good electric conductor is provided in a region that 

50 extends from said terminal section to a part corre- 
sponding to an inlet-side part of the gas flow chan- 
nel of the cell communicating with said inlet-side 
manifold. 

55 4. The polymer electrolyte fuel cell in accordance with 
claim 3, wherein said coating layer comprises a 
metal plate. 
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5. The polymer electrolyte fuel cell in accordance with 
claim 4, wherein said metal plate is bonded to the 
current collector plates with a conductive adhesive. 

6. The polymer electrolyte fuel cell in accordance with 5 
claim 1, wherein said current collector plates are 
such that the electric resistivity in the plane direction 

is smaller than the electric resistivity in the thickness 
direction. 

10 

7. The polymer electrolyte fuel cell in accordance with 
claim 6, wherein said current collector plates are 
such that the ratio of the electric resistivity in the 
plane direction to the electric resistivity in the thick- 
ness direction is 0.01 to 0.1 . 15 

8. The polymer electrolyte fuel cell in accordance with 
claim 1 , wherein said current collector plates com- 
prise a molded plate of a composite of the conduc- 
tive carbon material and a binder. 20 

9. The polymer electrolyte fuel cell in accordance with 
claim 8, wherein said molded plate includes therein 
a metal plate as a core member, and said metal 
plate, even at the manifold aperture of said molded 25 
plate, has no portion exposed to outside from said 
molded plate. 

10. The polymer electrolyte fuel cell in accordance with 
claim 9, wherein said metal plate is coated with a 30 
conductive layer comprising noble metal, conduc- 
tive inorganic oxide, conductive inorganic nitride, or 
conductive inorganic carbide. 

1 1 . The polymer electrolyte fuel cell in accordance with 35 
claim 1 , wherein at least one of said current collec- 
tor plates has a gas flow channel on an anode or 
cathode facing side and functions as an anode-side 

or cathode-side separator. 

40 

12. The polymer electrolyte fuel cell in accordance with 
claim 1 , wherein said current collector plates are in- 
tegrated with the end plates. 
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